Introduction {#s0001}
============

Osteosarcoma (OS) is a malignant bone tumor[@cit0001] that frequently occurs in adolescents, and presents with deep pain or other symptoms associated with pathologic fracture.[@cit0002] Tumor metastasis remains an unfavorable factor for prognosis in patients with low-grade or high-grade OS.[@cit0003],[@cit0004] The five-year survival rate of OS continues to be very poor.[@cit0005] To date, the primary therapeutic agents for OS comprise systemic chemotherapy and surgery for local control.[@cit0006],[@cit0007] However, local recurrence following initial treatment is high, and may even require amputation.[@cit0008] It is therefore essential to explore alternative therapeutic strategies that would be effective in patients with OS.

Long non-coding RNAs (lncRNAs) are essential for the regulation of various cancers, including neuroblastoma,[@cit0009] breast cancer,[@cit0010] and OS.[@cit0011] The lncRNA LINC00662 (LINC00662) is 2085 bp long and is located at 19q11.[@cit0012] Recent studies have demonstrated that LINC00662 is involved in numerous cellular and biological processes of cancer cells. For instance, LINC00662 enhances the growth of gastric cancer cells by regulating the Hippo-YAP1 signaling pathway,[@cit0013] and promotes the growth of oral squamous carcinoma cells.[@cit0014] LINC00662 accelerates tumorigenesis and the progression of colorectal cancer by modulating the miR-497-5p/AVL9 axis.[@cit0015] However, despite numerous studies on LINC00662, the precise role of LINC00662 in the progression of OS remains unclear.

Certain microRNAs (miRNAs) have been shown to have anti-cancer effects in OS. For instance, miRNA-218 decreases the migration and invasion of OS cells by inhibiting the expression of T-lymphoma and metastasis 1 (TIAM1).[@cit0016] MiRNA-646 inhibits the metastasis of OS cells by downregulating fibroblast growth factor 2 (FGF2).[@cit0017] MiRNA-15a suppresses the tumorigenesis of OS cells by targeting tumor necrosis factor, alpha-induced protein 1 (TNFAIP1).[@cit0018] Studies by Jiang et al (2017) and Wang et al (2018) demonstrated that the miRNAs that interact with lncRNAs are related to the oncogenic processes in OS.[@cit0019],[@cit0020] However, the precise regulatory relationship between LINC00662 and miR-15a-5p in OS remains to be elucidated.

Notch2 is an important mammalian Notch receptor that participates in the cellular processes of various cancers, including OS.[@cit0021],[@cit0022] A previous study demonstrated that Notch2 is overexpressed in tissue specimens obtained from patients with OS[@cit0023] and can serve as a therapeutic target for OS.[@cit0024] Additionally, Zhou et al (2018) revealed that the SNHG12 lncRNA promotes tumorigenesis in OS by sponging miR-195-5p, which subsequently upregulates Notch2 expression.[@cit0025] Nevertheless, the potential regulatory mechanism of LINC00662 in OS, mediated via the miR-15a-5p/Notch2 axis, remains to be elucidated.

In this study, we investigated the effects of LINC00662 on OS and evaluated the relationship between LINC00662 and miR-15a-5p. The results demonstrated that the expression of LINC00662 increased in OS, and LINC00662 acted as a competing endogenous RNA (ceRNA) for the tumor suppressor miRNA, miR-15a-5p, which upregulated Notch2 expression. In this study, we identified the role of LINC00662 in the tumorigenesis of OS. Additionally, our results confirmed the interactions among LINC00662, miR-15a-5p, and Notch2, thus providing novel information for the development of alternative therapeutic strategies for OS. The results of our study may aid in the identification of effective therapeutic targets for OS.

Materials and Methods {#s0002}
=====================

Tissue Samples {#s0002-s2001}
--------------

A total of 57 patients with OS, of which 28 were males and 29 were females, and aged between 15.36 ± 1.31 years, were selected from our hospital between January 2017 and October 2018. The patients had not received previous treatment with radiotherapy or chemotherapy. Samples of OS tissues and adjacent noncancerous tissues were collected from the patients. Based on the median expression of LINC00662, our patient cohort was categorized into high LINC00662 (n=29) and low LINC00662 groups (n=28). The study was approved by the ethics committee of Jinan Central Hospital, Cheeloo College of Medicine, Shandong University. Written informed consent was obtained from all the patients and parental consent was obtained in cases where the patient was less than 18 years old. The study was conducted in accordance with the Declaration of Helsinki.

Cell Culture {#s0002-s2002}
------------

Four human OS cell lines, HOS, MG63, SJSA-1, and U2OS, and the human fetal osteoblastic cell line, hFOB, were obtained from the American Type Culture Collection (Manassas, VA, USA). The cells were cultured in Dulbecco's Modified Eagle Medium (DMEM, Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS, Invitrogen) at 37°C.

Cellular Transfection {#s0002-s2003}
---------------------

The miR-negative control (NC), miR-15a-5p mimics, miR-15a-5p inhibitor, pcDNA3.1 Notch2 (pcDNA-Notch2), and pcDNA-NC were synthesized by Invitrogen. The lentiviral vector, short hairpin-LINC00662, and sh-NC were synthesized by GenePharma (Shanghai, China). The MG63 and U2OS cells were cultured to a confluence of 80%, and were subsequently transfected or co-transfected with the aforementioned agents using Lipofectamine 3000 (Invitrogen).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) and Western Blotting {#s0002-s2004}
-------------------------------------------------------------------------------

We subsequently performed qRT-PCR and Western blotting as previously described.[@cit0026] The primers are enlisted in [Table 1](#t0001){ref-type="table"}. GAPDH, U6, and β-actin were used to normalize the expression levels of LINC00662, miR-15a-5p, and Notch2, respectively. The antibodies used for Western blot analysis included the anti-Notch2 primary antibody (1:1000, SAB4502021MSDS, St. Louis, MO, USA), anti-β-actin antibody (1:5000, SAB2701711MSDS, Sigma), and HRP-conjugate secondary antibody (1:5000, 12--348MSDS, Sigma). The protein bands were visualized by exposure to enhanced chemiluminescence solution, and quantified by ImageLab software (Bio-Rad, Hercules, CA, USA).Table 1Primers SequencesName of PrimerSequences (5ʹ-3ʹ)LINC00662-FCACGCTTCTGAAACTGGTGTLINC00662-RTGTACAGCCTGGTGACAGAGGAPDH-FGGCATCCTGGGCTACACTGAGAPDH-RGAGTGGGTGTCGCTGTTGAAmiR-15a-5p-FATCCAGTGCGTGTCGTGmiR-15a-5p-RTGCTTAGCAGCACATAATGU6-FGCTTCGGCAGCACATATACTAAAATU6-RCGCTTCACGAATTTGCGTGTCATNotch2-FGGGACCCTGTCATACCCTCTNotch2-RGAGCCATGCTTACGCTTTCGβ-actin-FACACCTTCTACAATGAGCTGβ-actin-RCTGCTTGCTGATCCACATCT

Tumor Formation in Mice {#s0002-s2005}
-----------------------

Male BALB/c nude mice (4-week-old) were purchased from Beijing HFK Bioscience Co., Ltd. (China, Beijing). The mice were housed at 22--25°C in an atmosphere of 50--60% relative humidity, and fed on a normal diet. U2OS cells (7×10^6^ cells in 200 μL of sterile Dulbecco's phosphate-buffered saline) were transfected with sh-NC and sh-LINC00662, and injected into the abdominal cavity of the mice in the sh-NC and sh-LINC00662 groups, respectively (n=4). The tumor volumes were measured on a weekly basis, commencing from one week post-inoculation. The tumor volumes were calculated according to the following formula: (A.B^2^)/2 (where A is the longest diameter in millimeters, and B is the shortest diameter in millimeters). After the last measurement in the 4th week, the mice were anesthetized with 50 mg/kg pentobarbital sodium, and the intact tumors were exfoliated and weighed. The animal experiments were approved by the ethics committee of Jinan Central Hospital, Cheeloo College of Medicine, Shandong University, and were performed in accordance with the institutional guide for the care and use of laboratory animals (National Institutes of Health, USA).

3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide (MTT) Assay {#s0002-s2006}
------------------------------------------------------------------------

MG63 and U2OS cells were seeded into 96-well plates at a density of 2×10^3^ cells/well. Following the addition of 20 μL MTT (Sigma) at specified time points of 0, 24, 48, 72, and 96 h, the cells were incubated for 4 h at 37°C in an atmosphere of 5% CO~2~. Subsequently, 150 μL of dimethyl sulfoxide (DMSO) was added for dissolving the formazan after discarding the supernatant. The absorbance was measured at 450 nm using a microplate reader (Thermo Fisher Scientific, Waltham, MA, USA).

Wound Healing Assay {#s0002-s2007}
-------------------

MG63 and U2OS cells were seeded into a 6-well plate and cultured until they reached a confluence of 80% in DMEM supplemented with 10% FBS. A sterile pipette tip was used to draw a vertical line on the surface of the cell culture plate. The cells were then cultured in DMEM without FBS. The width of the scratch was measured at 0 and 24 h. The cells were observed under a light microscope and the wound healing rate was subsequently calculated.

Transwell Assay {#s0002-s2008}
---------------

The transwell assay was used to determine cell invasion using transwell chambers of 8 nm pore size (Corning Inc., Corning, NY, USA). MG63 and U2OS cells (2 × 10^5^), cultured in serum-free medium, were added to the upper transwell chambers pre-coated with matrigel (Sigma). RPMI-1640 (Invitrogen) medium, containing serum, was added to the lower chambers. The cells were subsequently removed from the upper chambers with a cotton swab after 48 h of incubation at 37°C, while the cells in the lower chambers were fixed in methanol and stained with 0.5% crystal violet for 15 min. Cells from five random fields were photographed and counted for analysis.

RNA Immunoprecipitation (RIP) Assay {#s0002-s2009}
-----------------------------------

The RIP assay was performed using the EZ-Magna RIP kit (Millipore, Billerica, MA, USA). MG63 and U2OS cells, at a confluence of 80%, were incubated with RIP buffer containing magnetic beads conjugated with human anti-Ago2 antibody (Millipore). IgG (Millipore) was used as the control. The immunoprecipitated RNAs were subsequently isolated by Proteinase K. The purified RNAs were finally analyzed by qRT-PCR.

Bioinformatics-Based Prediction and Analyses {#s0002-s2010}
--------------------------------------------

We used two independent online tools, LncBase v2.0 and starBase v3.0, for prediction and identification of the miRNAs that target LINC00662. The miR-15a-5p miRNA was simultaneously identified by both the prediction tools. MiR-15a-5p is a well-known anti-oncogene, which downregulated in various cancers. The miR-15a-5p miRNA was therefore selected as the candidate miRNA for subsequent studies. We additionally employed the online tools, targetScan, miRDB, and miRTarBase, for predicting the possible target genes of miR-15a-5p. The Notch2 gene was simultaneously identified by all the three prediction tools. Notch2 is a well-known oncogene and is a therapeutic target for OS. We therefore selected Notch2 for subsequent studies.

Dual-Luciferase Reporter Assay {#s0002-s2011}
------------------------------

LINC00662-Wt, LINC00662-Mut, Notch2-Wt, and Notch2-Mut were cloned and combined with psiCHECK-2 vectors (Promega, Madison, WI, USA). They were subsequently co-transfected with miR-NC and miR-15a-5p mimics into MG63 and U2OS cells by incubating with Lipofectamine 3000 for 48 h, and detected by the dual-luciferase reporter assay system (Promega).

Statistical Analyses {#s0002-s2012}
--------------------

All the statistical analyses were performed on GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA). The data are presented as the mean ± standard deviation (SD). The differences between two groups or among multiple groups were assessed by Student's *t*-test or one-way ANOVA followed by Tukey's post hoc test. The significance of the correlations was determined by Pearson's correlation analysis. P values \< 0.05 were considered to be statistically significant.

Results {#s0003}
=======

LINC00662 Expression Increased in OS {#s0003-s2001}
------------------------------------

The expression of LINC00662 was markedly increased in the tumor tissues in comparison to that of the adjacent noncancerous tissues obtained from the patients with OS (P \< 0.001, [Figure 1A](#f0001){ref-type="fig"}). Compared to tumor-node-metastasis (TNM) I/II, the expression of LINC00662 was markedly increased in TNM III/IV (P \< 0.001, [Figure 1B](#f0001){ref-type="fig"}). Besides, the expression of LINC00662 in the metastatic tumors was visibly increased in comparison to that of the non-metastatic tumors (P \< 0.001, [Figure 1C](#f0001){ref-type="fig"}). Gene Expression Profiling Interactive Analysis (GEPIA) with The Cancer Genome Atlas (TCGA) revealed that the overall survival of patients with OS with high LINC00662 expression was markedly shorter in comparison to that of patients with low LINC00662 expression (P \< 0.05, [Figure 1D](#f0001){ref-type="fig"}). The clinicopathological features revealed that the degree of metastasis and World Health Organization (WHO) Grade of patients with the low LINC00662 expression were significantly different from those of patients with high LINC00662 expression (P \< 0.05, [Table 2](#t0002){ref-type="table"}).Table 2Correlation Between LINC00662 Expression and Clinicopathological Features in Osteosarcoma (OS) PatientsCharacteristicsnLINC00662\
(Low) 28(High) 29P valueAge0.695 \<18 years271413 ≥18 years301416Gender0.509 Male281513 Females291316Tumor Size0.502 \<8cm301614 ≥8cm271215Histological subtype0.702 Osteoblastic221111 Chondroblastic19811 Fibroblastic1697Metastasis0.022\* No322012 Yes25817WHO grade0.023\* Ⅰ+Ⅱ301911 ΙΙΙ+Ⅳ27918[^1][^2] Figure 1LINC00662 expression increased in osteosarcoma (OS). (**A**) The expression of LINC00662 in adjacent tissues and tumor tissues of OS patients was detected by qRT-PCR. P \< 0.001 vs Adjacent tissues; (**B**) The expression of LINC00662 in OS patients at the tumor-node-metastasis (TNM) I/II and TNM III/IV was detected by qRT-PCR. P \< 0.001 vs I/II; (**C**) The expression of LINC00662 in tumors with and without metastasis was detected by qRT-PCR. P \< 0.001 vs NO; (**D**) The relationship between LINC00662 and overall survival of OS patients was measured by Gene Expression Profiling Interactive Analysis (GEPIA) with The Cancer Genome Atlas (TCGA) samples.

LINC00662 Knockdown Inhibited Tumorigenesis of OS Cells {#s0003-s2002}
-------------------------------------------------------

The expression of LINC00662 visibly increased in HOS, MG63, SJSA-1, and U2OS cells, in comparison to that in hFOB cells (P \< 0.01, [Figure 2A](#f0002){ref-type="fig"}). Owing to the relative high expression of LINC00662, the MG63 and U2OS cells were selected for further experimentation. LINC00662 knockdown was first performed by transfecting MG63 and U2OS cells with sh-LINC00662. Subsequently, qRT-PCR was performed, which revealed that the expression of LINC00662 was downregulated in cells transfected with sh-LINC00662 (P \< 0.01, [Figure 2B](#f0002){ref-type="fig"}). The MTT assay revealed that sh-LINC00662 significantly reduced the proliferation of MG63 and U2OS cells after 72 and 96 h of culture (P \< 0.05, [Figure 2C](#f0002){ref-type="fig"}). Additionally, wound healing and the invasion rate of MG63 and U2OS cells were markedly reduced in the sh-LINC00662 group in comparison to those of the cells in the sh-NC group (P \< 0.01, [Figure 2D](#f0002){ref-type="fig"} and [E](#f0002){ref-type="fig"}). In order to elucidate the function of LINC00662 in vivo, U2OS cells transfected with sh-NC or sh-LINC00662 were intraperitoneally injected into mice. As expected, LINC00662 knockdown reduced tumor volume and tumor weight (P \< 0.01, [Figure 2F](#f0002){ref-type="fig"} and [G](#f0002){ref-type="fig"}).Figure 2LINC00662 knockdown inhibited tumorigenesis of osteosarcoma (OS) cells. (**A**) The expression of LINC00662 in HOS, MG63, SJSA-1, U2OS and hFOB cells was detected by qRT-PCR. \*\*P \< 0.01 vs hFOB; (**B**) The expression of LINC00662 in MG63 and U2OS cells was detected by qRT-PCR. \*\*P \< 0.01 vs sh-NC; (**C**) The proliferation of MG63 and U2OS cells was detected by MTT assay. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC; (**D**) The wound healing rate of MG63 and U2OS cells was detected by wound healing assay. \*\*P \< 0.01 vs sh-NC; (**E**) The invasion rate of MG63 and U2OS cells was detected by transwell assay. \*\*P \< 0.01 vs sh-NC; (**F**) Tumor in nude mice. (**G**) Tumor volume and tumor weight. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC.

LINC00662 Expression Was Negatively Correlated with miR-15a-5p Expression {#s0003-s2003}
-------------------------------------------------------------------------

The binding site of miR-15a-5p, as predicted by starBase v3.0, was at the 3′-UTR of LINC00662 ([Figure 3A](#f0003){ref-type="fig"}). As depicted in [Figure 3B](#f0003){ref-type="fig"}, the downregulation of LINC00662 significantly increased the expression of miR-15a-5p (P \< 0.01). The results of RIP assay indicated that the relative enrichment of LINC00662 and miR-15a-5p in MG63 and U2OS cells were strikingly abundant in the anti-Ago2 group in comparison to that of the anti-IgG group (P \< 0.01, [Figure 3C](#f0003){ref-type="fig"}). The relative luciferase activity was markedly decreased in MG63 and U2OS cells co-transfected with miR-15a-5p mimics and LINC00662 Wt, compared to that of cells co-transfected with miR-NC and LINC00662 Wt (P \< 0.01, [Figure 3D](#f0003){ref-type="fig"}). The expression of miR-15a-5p in the tumor tissues was markedly reduced in comparison to that in the adjacent noncancerous tissues obtained from patients with OS (P \< 0.001, [Figure 3E](#f0003){ref-type="fig"}). There was a negative correlation between the expression of LINC00662 and miR-15a-5p in the OS tissues (N = 57, r = −0.5569, P \< 0.001, [Figure 3F](#f0003){ref-type="fig"}).Figure 3LINC00662 was negatively correlated with miR-15a-5p expression. (**A**) The putative binding site of miR-15a-5p in LINC00662 was predicted by starBase v3.0; (**B**) The expression of miR-15a-5p in MG63 and U2OS cells was detected by qRT-PCR. \*\*P \< 0.01 vs sh-NC; (**C**) RIP assay was performed to determine the enrichment degrees of LINC00662 and miR-15a-5p in IgG or AGO2 immunoprecipitate. \*\*P \< 0.01 vs Anti-IgG; (**D**) Relative luciferase activity in MG63 and U2OS cells was measured by dual-luciferase reporter assay. \*\*P \< 0.01 vs miR-NC; (**E**) The expression of miR-15a-5p in adjacent tissues and tumor tissues in OS patients was detected by qRT-PCR; (**F**) The expression of LINC00662 was negatively correlated with miR-15a-5p.

MiR-15a-5p Inhibited the Proliferation, Migration, and Invasion of OS Cells {#s0003-s2004}
---------------------------------------------------------------------------

MiR-15a-5p was overexpressed by transfecting with miR-15a-5p mimics, and inhibited by transfecting with the miR-15a-5p inhibitor (P \< 0.01, [Figure 4A](#f0004){ref-type="fig"}). Transfection with miR-15a-5p mimics markedly reduced the proliferation of MG63 and U2OS cells after 72 and 96 h of culture (P \< 0.01, [Figure 4B](#f0004){ref-type="fig"}). Additionally, miR-15a-5p significantly reduced wound healing and the invasion rate of MG63 and U2OS cells (P \< 0.01, [Figure 4C](#f0004){ref-type="fig"} and [D](#f0004){ref-type="fig"}).Figure 4MiR-15a-5p inhibited proliferation, migration and invasion of osteosarcoma (OS) cells. (**A**) The expression of miR-15a-5p in MG63 and U2OS cells was detected by qRT-PCR. \*\*P \< 0.01 vs miR-NC; (**B**) The proliferation of MG63 and U2OS cells was detected by MTT assay. \*\*P \< 0.01 vs miR-NC; (**C**) The wound healing rate of MG63 and U2OS cells was detected by wound healing assay. \*\*P \< 0.01 vs miR-NC; (**D**) The invasion rate of MG63 and U2OS cells was detected by transwell assay. \*\*P \< 0.01 vs miR-NC.

Notch2 Was Directly Targeted by miR-15a-5p {#s0003-s2005}
------------------------------------------

The binding site for miR-15a-5p, as predicted by targetScan, was at the 3′-UTR of Notch2 ([Figure 5A](#f0005){ref-type="fig"}). The relative luciferase activity was visibly decreased in MG63 and U2OS cells co-transfected with miR-15a-5p mimics and Notch2 Wt, in comparison to that of cells co-transfected with miR-NC and Notch2 Wt (P \< 0.01, [Figure 5B](#f0005){ref-type="fig"}). Furthermore, the expression of Notch2 in the tumor tissues was markedly increased in comparison to that of the adjacent normal tissues obtained from the patients with OS (P \< 0.001, [Figure 5C](#f0005){ref-type="fig"}). There was a negative correlation between the expression of Notch2 and miR-15a-5p in the OS tissues (N = 57, r = −0.5886, P \< 0.001, [Figure 5D](#f0005){ref-type="fig"}). The results of Western blotting revealed that transfection with miR-15a-5p mimics downregulated the expression of the Notch2 protein in MG63 and U2OS cells (P \< 0.01, [Figure 5E](#f0005){ref-type="fig"}).Figure 5Notch2 was directly targeted by miR-15a-5p. (**A**) The binding site for miR-15a-5p on the 3ʹ UTR of Notch2 was predicted by targetScan; (**B**) Relative luciferase activity in MG63 and U2OS cells was measured by dual-luciferase reporter assay. \*\*P \< 0.01 vs miR-NC; (**C**) The expression of Notch2 in adjacent tissues and tumor tissues in OS patients was detected by qRT-PCR. P \< 0.001 vs Adjacent tissues; (**D**) The expression of Notch2 was negatively correlated with miR-15a-5p; (**E**) The protein expression of Notch2 in MG63 and U2OS cells was measured by Western blot. \*\*P \< 0.01 vs miR-NC.

LINC00662 Knockdown Attenuated the Proliferation, Migration, and Invasion of OS Cells by Targeting miR-15a-5p/Notch2 Axis {#s0003-s2006}
-------------------------------------------------------------------------------------------------------------------------

The expression of Notch2 visibly increased in MG63, U2OS, HOS, and SJSA-1 cells, in comparison to that of hFOB cells (P \< 0.01, [Figure 6A](#f0006){ref-type="fig"}). Owing to the relative high expression of Notch2, the U2OS cells were selected for further experimentation. The expression of Notch2 was upregulated following transfection with pcDNA-Notch2 (P \< 0.01, [Figure 6B](#f0006){ref-type="fig"}). The proliferation, wound healing rate, and rate of invasion of U2OS cells were markedly reduced in the sh-LINC00662 group in comparison to those of the sh-NC group (P \< 0.01). The overexpression of Notch2 or the inhibition of miR-15a-5p markedly reversed the suppressive effect of sh-LINC00662 on the proliferation, wound healing rate, and rate of invasion of U2OS cells (P \< 0.05, [Figure 6C](#f0006){ref-type="fig"}--E). Furthermore, sh-LINC00662 markedly downregulated the expression of Notch2 protein in U2OS cells (P \< 0.01). Rescue assays revealed that Notch2 overexpression or miR-15a-5p inhibition markedly rescued the inhibitory effect of sh-LINC00662 on the expression of the Notch2 protein in U2OS cells (P \< 0.05, [Figure 6F](#f0006){ref-type="fig"}).Figure 6LINC00662 knockdown attenuated the proliferation, migration and invasion of osteosarcoma (OS) cells by targeting miR-15a-5p/Notch2 axis. (**A**) The expression of Notch2 in hFOB, MG63, U2OS, HOS and SJSA-1 cells was detected by qRT-PCR. \*\*P \< 0.01 vs hFOB; (**B**) Notch2 expression in U2OS cells was measured by qRT-PCR. \*\*P \< 0.01 vs pcDNA-NC; (**C**) The proliferation of U2OS cells was detected by MTT assay. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC; ^\#^P \< 0.05 vs sh-LINC00662; (**D**) The wound healing rate of U2OS cells was detected by wound healing assay. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC; ^\#^P \< 0.05 vs sh-LINC00662; (**E**) The invasion rate of U2OS cells was detected by transwell assay. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC; ^\#^P \< 0.05 vs sh-LINC00662; (**F**) The protein expression of Notch2 in U2OS cells was detected by Western blot. \*P \< 0.05, \*\*P \< 0.01 vs sh-NC; ^\#^P \< 0.05 vs sh-LINC00662.

Discussion {#s0004}
==========

The overexpression of lncRNAs is associated with the tumorigenesis of OS.[@cit0027],[@cit0028] The expression of ncRNAs such as lncRNA TUG1,[@cit0029] lncRNA BANCR,[@cit0030] and lncRNA ODRUL[@cit0031] increases in patients with OS. The results of this study demonstrated that the expression of LINC00662 was higher in the tumor tissues than that in the adjacent noncancerous tissues obtained from the patients with OS. Additionally, the expression of LINC00662 was found to be correlated with degree of metastasis and WHO grade in patients with OS, and a high expression of LINC00662 conferred a survival disadvantage to the patients with OS. The function of LINC00662 was found to be similar to that of the lncRNAs reported in previous studies. The high expression of the CBR3-AS1 lncRNA is associated with distant metastasis in patients with OS.[@cit0032] The high expression of the UCA1 lncRNA is markedly related to high tumor grade in patients with OS.[@cit0033] The upregulation of the PVT1 lncRNA decreases the survival rate of patients with OS.[@cit0034] In summary, the results of this study suggested that the expression of LINC00662 is upregulated in patients with OS, and could be associated with the development of OS.

Previous studies have confirmed that LINC00662 partakes in the cellular proliferation, invasion, and migration of various cancers. LINC00662 enhances the invasion of lung cancer cells by interacting with LIN28.[@cit0035] The silencing of LINC00662 alleviates the proliferation, invasion, and migration of prostate cancer cells by regulating miR-34a.[@cit0036] The inhibition of LINC00662 attenuates the growth of acute myeloid leukemia cells by sponging miR-340-5p.[@cit0037] Notably, LINC00662 knockdown suppresses the growth, migration, and invasion of colorectal cancer cells via regulating the miR-497-5p/AVL9 axis.[@cit0015] In the present study, LINC00662 knockdown reduced the proliferation, migration, and invasion of OS cells. The function of LINC00662 identified herein was similar to the results of the aforementioned studies, and indicates that LINC00662 could serve as a promising therapeutic target for OS. Wang et al (2020) demonstrated that the inhibition of LINC00662 attenuates the growth of chordomas in vivo.[@cit0038] The study by Tian et al (2020) revealed that LINC00662 silencing markedly inhibits the growth of hepatic tumors in mice.[@cit0039] In this study, sh-LINC00662 markedly attenuated tumor growth in mice. The study further illustrates that LINC00662 knockdown attenuates the tumorigenesis of OS in vivo.

It has been documented that non-coding RNAs, including lncRNAs and miRNAs, are involved in the progression of OS. For instance, the B4GALT1-AS1 lncRNA recruits HuR to increase the stemness and migration of OS cells by elevating the transcriptional activity of YAP.[@cit0040] The RNA-binding protein, Pumilio2 (PUM2), attenuates the progression of OS by partially and competitively binding to the 3′-UTR of StAR-related lipid transfer domain 13 (STARD13), together with miR-50-3p and miR-9.[@cit0041] Interestingly, lncRNAs can serve as ceRNAs or miRNA sponges for regulating the expression of target mRNAs in OS.[@cit0042]--[@cit0044] The SNHG15 lncRNA facilitates the proliferation of OS cells by sponging miR-141.[@cit0045] The LINC00963 lncRNA contributes to the growth of OS cells by inhibiting the miR-204-3p/FN1 axis.[@cit0046] The C2dat1 lncRNA accelerates tumorigenesis and metastasis by suppressing the expression of miR-34a-5p in OS.[@cit0047] In this study, we confirmed that miR-15a-5p is a target of LINC00662. MiR-15a-5p is a tumor suppressor, and its expression is downregulated in endometrial cancer,[@cit0048] melanoma,[@cit0049] and papillary thyroid cancer.[@cit0050] The results of this study demonstrated that the expression of miR-15a-5p is downregulated in the tumor tissues and cells of OS, and its expression is negatively correlated to that of LINC00662. Studies by Cai et al (2012), Tian et al (2015), and Leng et al (2018) have demonstrated that miR-15a induces cell cycle arrest and promotes apoptosis in OS by downregulating the expression of CCND1,[@cit0051] and attenuates the growth of OS cells by targeting TNFAIP1[@cit0018] or Bcl-2.[@cit0052] In this study, we observed that miR-15a-5p inhibited the proliferation, migration, and invasion of OS cells, and the inhibition of miR-15a-5p reversed the anti-tumor effect of LINC00662 knockdown in OS cells. These results indicated that LINC00662 knockdown can inhibit tumorigenesis by upregulating miR-15a-5p in OS cells.

The expression of Notch2 is generally upregulated in various tumors, including embryonal brain tumor,[@cit0053] pancreatic cancer,[@cit0054] and OS.[@cit0055] Similar to the results of previous studies, we observed that the expression of Notch2 was markedly increased in the tumor tissues of patients with OS. Notch2 is involved in the progression of various cancers. For instance, Notch2 accelerates the formation of cholangiocarcinoma.[@cit0056] The upregulation of Notch2 expression contributes to the development of breast cancer.[@cit0057] Therefore, Notch2 could be involved in the progression of OS progression, as it is a target gene for miRNAs. MiR-1296-5p reduces tumorigenesis in OS by targeting Notch2.[@cit0058] Here, we identified Notch2 as a target of the miR-15a-5p miRNA, and the expression of Notch2 was found to be negatively correlated to that of miR-15a-5p. The feedback data revealed that the overexpression of Notch2 reversed the anti-tumor effect of sh-LINC00662 in OS cells, suggesting that sh-LINC00662 may exert its anti-tumor effect by regulating the miR-15a-5p/Notch2 axis in OS.

In conclusion, the expression of LINC00662 was found to be upregulated in OS tissues and cells. We identified that miR-15a-5p is a target of LINC00662, and that Notch2 is a target of miR-15a-5p. The study further demonstrated that LINC00662 knockdown attenuates the proliferation, migration, and invasion of OS cells by regulating the miR-15a-5p/Notch2 axis, and inhibits tumor growth in mice. These results indicate that LINC00662 could be a promising therapeutic target for OS.
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[^1]: **Note:** \*P \< 0.05.

[^2]: **Abbreviation:** WHO, World Health Organization.
